Abstract: Over the past 25 years, principles of damage control Laparotomy have saved many lives. Quick recognition of injuries and immediate transfer to operating room are essential. Patients with polytrauma have substantial haemorrhage and go into a vicious cycle of death (hypothermia, coaugulopathy and acidosis). Prior to surgery, adequate resuscitation helps to improve both intra and post-operative mortality. And the focus is on control of bowel contamination and haemorrhage. Once achieved, patient is resuscitated in ICU setup to optimize physiology. Adequate hydration, blood transfusion, re-warming of the patient and other supportive measures are taken to arrest the ongoing cycle of coagulation, hypothermia and metabolic acidosis. Later, patient is moved to theatre for definitive management of injuries. Improvement in patient outcome has been reported by an increased understanding of damage control and the anatomical and physiological steps taken to improve the outcomes.
INTRODUCTION
The term 'Damage Control' is not new to the field of trauma. Since the 1950s, the Navy and Maritime industry has used this term which is defined as 'the capacity of a ship to absorb damage and maintain mission integrity' [1] . The concept behind damage control surgery is to limit the surgical procedure towards the control of ongoing blood loss, contamination and decrease the procedure time. This allows the patient to regain his/her optimum physiological state after which definitive surgical repair may be done [2] . This has significantly increased survival in critically injured patients reducing mortality rates to 50% [3] . In 1983, Dr Harlan Stone suggested that if patients were found to have coagulopathy then their procedures should be shortened. Damage Control in trauma surgery was described by Rotundo as a three-phase technique to limit damage in a trauma patient. A 'pretheatre' phase was later described by Johnson and Schwab [4] .
Patients having multiple injuries usually present with massive haemorrhage and a vicious cycle of death (hypothermia, coagulopathy and acidosis). During damage control, a surgeon not only controls bleeding by packing or applying clamps but also limits intestinal contamination. Next, the patient is shifted to ICU for resuscitation where his/her phys-*Address correspondence to this author at Department Surgical Unit I, Dow University of Health Sciences and Civil Hospital, Karachi, Pakistan. Tel: 0335-2577886, 0300-2269496; E-mail: qamaruddin99@gmail.com iological parameters are corrected after which the patient is shifted for definitive repair of injuries in the operating room. All packs are removed (if were previously placed) and bowel is carefully examined for any other injury that may have been missed. Any further bleeding is secured [5] .
INDICATIONS FOR DAMAGE CONTROL SURGERY
Every trauma patient does not require damage control surgery. Many factors have been identified which may guide us to subject a patient to damage control laparotomy [2] .
Various factors which affect the selection criteria for damage control management include It is the responsibility of trauma surgeon to carefully decide the need for Damage control according to the condition of each patient. Overzealous application of damage control not only increases health cost in terms of theatre and ICU use but also increases the risk of intra-abdominal infection and abdominal wall hernias [7, 8] .
DAMAGE CONTROL RESUSCITATION
Another important aspect of damage control surgery is the concept of damage control resuscitation. Previously, the focus of resuscitation was on rapid transfusion of intravenous fluids and maintaining mean blood pressure. But large volumes of intravenous fluids increase the blood pressure, reduces vasoconstriction resulting in more blood loss and is associated with clot disruption [9] .
Damage control resuscitation helps improve outcome by focusing on four principle targets: [10] . Recent studies have favoured restricted fluid therapy and permissive hypotension as it maintains a mean blood pressure, decreases clot disruption and therefore, less bleeding [11] . Many studies have shown an improved outcome and reduction in mortality in patients with restricted fluid resuscitation than in patients who were given more intravenous fluid pre-operatively [12, 13] . Mortality rates have been reported around 37% with traditional resuscitation as compared to 21% with restricted fluids [14] .
PRE-HOSPITAL PHASE
It is the earliest phase of damage control which begins at the site of trauma and continues through the emergency room till the patient reaches the operating room safely. Early recognition of injury, damage control resuscitation and immediate transfer to operating room are key elements of this phase. Clear communication between the transporting and hospital team is important in mobilizing resources and saving precious time in the care of an already critical patient [11] .
Initial fluid resuscitation is provided by two wide bore intravenous cannulas, samples for cross match are sent and fluid resuscitation is started with crystalloid solution which is replaced by blood products as soon as they are available. Aim is to maintain a systolic blood pressure of 90mm Hg [15, 16] . Fresh frozen plasma and packed red cells are used in the ratio of 1:1 or 1:2 [17, 18] . The early use of packed red cells and plasma expands volume, reverses coagulopathy and improves the oxygen carrying capacity of blood. No time should be wasted on unnecessary investigations.
DAMAGE CONTROL PHASE
This is carried out in operating room. Focus is on controlling haemorrhage as well as control of contamination from bowel injury while resuscitation continues. Stapling of bowel to limit contamination and use of abdominal packs to control haemorrhage may be employed. Definitive repair, reestablishing intestinal continuity and stoma formation are avoided at this time as this will increase the procedure time and also further derange the physiological parameters. The damage control Laparotomy should ideally be less than 90 minutes in duration [19] .
The preferred incision is midline incision from xiphisternum to symphsis pubis. Visceral injuries are dealt individually. Bleeding raw surfaces like that of liver are most commonly treated by direct pressure or peri-hepatic packing [20, 21] . Peri-hepatic packing involves manual closure or approximation of the parenchyma, followed by the consecutive placing of dry abdominal packs around the liver and straight over the injury to provide tamponade to a bleeding site. Minimal number of dry laparotomy pads necessary to stop bleeding, should be applied to avoid compression of inferior vena cava. Pringles maneuver may be applied if bleeding doesn't stop. Simple lacerations of liver may be primarily repaired.
All other visceral injuries are managed according to the grade of injury [22, 23] . For major vascular injuries, damage control options are either vessel ligation or placement of temporary intravascular shunts. arteries [24, 25] .
Pelvic fractures are treated by applying pelvic binders. If there is expanding haematoma and patient is unstable then preperitoneal pelvic packing can be done in which laparotomy pads are placed in preperitoneal space via a small suprapubic incision to stop bleeding [26] .
Once bleeding is secured and bowel contamination controlled, then abdomen is temporarily closed. Different methods are used to close the abdomen like the use of towel clips, applying bogota bag, vacuum pack closure, direct closure with nylon and abdominal compartment syndrome is avoided. A good closure technique is inexpensive, protects the surrounding skin and viscera and lets the fluid to evacuate thereby, allowing easy closure without development of tension [27, 28] . Commercially prepared vacuum negative pressure dressings (VAC abdominal dressing systems) are also available. They prompt primary closure and have fewer complications like enterocutaneous fistulas (reported between 1.2 -15%) [29] . Barker's vacuum packing technique can also be used for creating a vacuum dressing [11] .
ICU RESUSCITATION PHASE
Once acute bleeding and spillage have been controlled, patient is shifted to ICU for resuscitation and optimization of physiology. Duration of resuscitation varies for each patient, ranging between 12 to 72 hrs. To date, there are no set criteria to label a patient as a survivor in ICU settings, but a decrease in raised serum lactate levels and correction of coagulopathy are important parameters [30] .
Coagulation profile, hypovolemia and anaemia are corrected by transfusing blood products. As discussed previously, there is no set formula for transfusion but in case of massive haemorrhage, blood products are transfused in the ratio of 1:1:1 (PRBC:FFP:Platelets). It is associated with reduced mortality and reduced use of fluids. Crystalloid use is more limited [31, 32] .
Re-warming of patients is done by using warmers, blankets and warmed fluids. It reduces mortality, improves coagulation cascade and reduces acidosis [30] .Despite all these measures, there is a subgroup of patients, who may require an earlier visit to the operating room. These are the ones who have an ongoing need for blood transfusion (despite having a normal clotting profile) where some bleeding source may have been missed or those who develop abdominal compartment syndrome. Such patients are shifted to operating room and the problem is addressed.
DEFINITIVE REPAIR PHASE
Before transitioning to this phase, the team should ensure that adequate resuscitation and physiological optimization has been achieved. Serum lactate levels are reduced, an adequate urine output established, clotting profiles corrected and end organ perfusion is maintained. This may take 24 to 72 hrs. Once in operating room, the abdominal packs are removed, if were placed previously. Bowel is rechecked for any missed injury and haemostasis is secured. There is literature available suggesting resection and anastomosis of injured bowel segment rather than formation of a stoma, however, ostomies may be preferred as patient's physiology may not support an anastomosis or if abdominal closure cannot be achieved [33] .
Once the definitive repair has been done, the most important step is abdominal closure without fascial tension. High complication rates are associated with an open abdomen, most challenging of which is an enterocutaneuous fistula with mortality rates as high as 40% [34] . A standard fascial closure should be achieved without tension. However, if this cannot be achieved or a peak airway pressure > 10 cm H 2 O during abdominal closure is encountered, then the suspicion of abdominal compartment syndrome should be raised and a temporary closing device should be applied to the abdomen. Usually, with the help of these measures, a permanent closure can be achieved within a week.
COMPLICATIONS FROM DAMAGE CONTROL LA-PAROTOMY
Damage control laparotomy may result in various complications including sepsis, intra-abdominal abscess, enterocutaneous fistulas, misuse of the concept of damage control itself and the development of abdominal compartment syndrome. We would like to discuss abdominal compartment syndrome as it is most feared in such patients due to aggressive resuscitation and third spacing.
ABDOMINAL COMPARTMENT SYNDROME
The normal intra-abdominal pressure is between 5 to 7 mm Hg. Abdominal compartment syndrome (ACS) is defined as 'a sustained Intra Abdominal Pressure (IAP) > 20 mmHg. [35] .
Abdominal compartment syndrome can be Primary, Secondary or Recurrent. Primary abdominal compartment syndrome deals with pathology in abdomen like abdominal trauma or haemoperitoneum, where an early surgical intervention might be needed. A secondary abdominal compartment syndrome results from pathologies arising from 'third spacing' and where the primary origin is not from abdomen like sepsis, burns and massive fluid resuscitation. Recurrent abdominal compartment syndrome refers to a condition in which ACS redevelops following previous surgical or medical treatment of primary or secondary ACS, for example, ongoing haemorrhage in a patient after damage control laparotomy.
Whatever the mechanism, the abdominal compartment syndrome leads to raised intra-abdominal and intra-thoracic pressures leading to decreased glomerular filtration rates, decreased urine output, decreased venous return, increased airway pressures, extremity and splanchnic ischaemia. The intra-abdominal pressure is measured simply by measuring urinary bladder pressure.
The prevalence of abdominal compartment syndrome in major trauma patients is approximately 30%, with the mortality rate as high as 60% [36, 37] . Both supportive measures and decompression are used in management. The goals of supportive care in patients with intra-abdominal hypertension include reduction of intra-abdominal volume through evacuation of intraluminal contents, evacuation of intraabdominal space-occupying lesions (e.g., ascites, haematoma) when possible and measures to improve abdominal wall compliance for example the use of adequate analgesia, sedation and ventilator if required. Surgical decompression is a standard treatment in abdominal compartment syndrome [35, 36] . This is mostly performed at an intra-abdominal pressure > 25mm Hg.
CONCLUSION
Damage control laparotomy and damage control resuscitation are aimed at restoring a normal physiology rather than a normal anatomy and are associated with an improved survival and prognosis. This requires coordinated team work which begins in the pre-hospital phase and continues in succession, till the last phase of definitive repair. Failure to recognize signs of coagulopathy and deterioration in a patient will increase the morbidity and mortality.
